The main purpose of this paper is to examine the convergence of energy productivity for 35 Asian countries over the period 1993-2010. These 35 countries are divided into five different geographical regions, namely, South East Asia, South Asia, North East Asia, North Asia and West Asia. We first use the sigma-convergence approach to investigate the disparity of energy productivity over time and find weak evidence of sigma-convergence process in energy productivity for all sample countries and mixed evidence for sub-sample countries. We then estimate the beta-convergence model by using the spatial panel data approach and find an existence of beta-convergence process in energy productivity for the whole set of sample countries and North East Asia. Moreover, we find mixed evidence of beta-convergence process in energy productivity for South East Asia, North Asia and West Asia. In South Asia, we find strong evidence of divergence process in energy productivity over the study period.
Introduction
Energy use plays an important role in the process of economic development in every corner of the world. In recent years, energy use is increasing at fastest rate, particularly in Asian nations due to the high population growth, fast urbanization, industrialization, improving the life quality of people and rapid economic development. Asia account 39% of the world GDP in 2010 (International Monetary Finance (IMF), 2011) and its economic development patterns have been highly affected global economy. This economic growth achieved in Asia as a result of the high energy use. The International Energy Agency projections in 2010 showed that Asia's primary energy demand is estimated to grow by 2.3% per year between 2008 and 2035 (IEA, 2010 .
As known, there is a wide spatial variation of energy use within the Asia region. The energy use in this region is not only affected by the economic behavior of the individual country but also greatly affected the economic condition of the adjacent countries. Therefore, it is needed to investigate whether there exists the convergence of energy productivity that provide useful information for making effective policy to improve the energy productivity in a large extent within the Asian countries.
As aforementioned, most of these studies highly ignored the spatial effects of energy productivity convergence. More recently, three studies (Mulder et al., 2011; Yu, 2012; Wan et al., 2013) have primarily focused on convergence of energy intensity or productivity using the spatial panel data technique. Mulder et al. (2011) investigated the global energy productivity trends covering the period 1971-2001. They found cross-country variation of energy productivity development is influenced by the spatial effect of the energy productivity growth rates. Yu (2012) investigated the influential factors of China's regional energy intensity using the spatial panel data models for the period 1988-2007 and found the notable spillover effect between eastern and western China as well as the existence of the absolute beta-convergence of provincial energy intensity. Likewise, Wan et al. (2013) analyzed the trade-facilitated spillovers in convergence of energy productivity across 16 European Union countries during the period 1995-2005 by using the spatial panel data approach. The authors found an evidence of convergence in energy productivity for 16 European Union countries. Indeed, such types of studies have not been conducted for 35 Asian countries using spatial panel data models. Therefore, this study investigates the convergence of energy productivity for 35 Asian countries over the period 1993-2010.
The contributions of this work are three fold. First, we use the sigma-convergence approach to investigate the disparity of energy productivity over time. Second, we employ the beta-convergence approach to estimate whether there exists an evidence of convergence in energy productivity by using spatial panel data models based on the following works (Barro & Sala-i-Martin, 1992 . Two kinds of spatial panel data models are used here to deal with spatial dependence of observations such as the spatial lag (SAR) panel data model and the spatial error (SEM) panel data model. To our best knowledge, this is the first systematic in-depth study on convergence of energy productivity by using the spatial panel data models in Asian countries. Third, considering geographical variations in Asia, we divided 35 Asian countries into five different geographical regions, namely, South East Asia, South Asia, North East Asia, North Asia and West Asia. Most of the previous studies have not been carried out both on the whole set of countries as well as five different geographical regions.
The remainder part of the present study is organized as follows. Section 2 briefly describes the data sources and variables. Section 3 presents the methodology used in this study. Section 4 provides the results and discussion of the study. Finally, section 5 gives the conclusions and some policy implications.
Data Sources and Variables Description
In our study we use the panel data of 35 Asian countries over the period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] (Heston et al., 2012) online data base. Geographic information of all selected Asian countries is obtained from maps of World (Note 3).
In this empirical analysis, energy productivity (EP) is simply defined as the output divided by energy use (which is the inverse of energy intensity). The data on consumer price variable (measured in US dollars) is used as a proxy for energy price (P). We use the investment share variable, i.e., simply the ratio of natural log of investment share and GDP, as a proxy for the investment (I). Similarly, we use the trade openness variable, i.e., the natural log ratio of trade openness and GDP, as a proxy for the trade openness (TO). All variables are transformed into natural logarithms and the countries and length of the period were dictated by the data availability of variables. Figure 1 exhibits the log of energy productivity for all sample countries as well as sub-sample countries, namely, South East Asia, South Asia, North East Asia, North Asia and West Asia during the period 1993-2010. The figure clearly shows that energy productivity trend is growing over time in Asian countries, which implies that the Asian economy tends to catching up the technological leader countries.
www.ccsen Vol. 6, No. 7; comparatively faster than those with high initial levels and catching up to rich regions or countries (Barro, 1991; Barro & Sala-i-Martin, 1992) . Over the last two and half decades, the beta-convergence approach has become one of the most convincing concepts in the macroeconomic growth literature. The beta-convergence concept usually considers either unconditional (absolute) convergence or conditional (relative) convergence. Here we present the absolute beta-convergence model (Barro & Sala-i-Martin, 1992 that is given in equation (2) as follows: (2) where i and t denote the countries and time period, respectively, a is the intercept, ln(EP i,t+1 / EP it ) is the annual average growth rate of energy productivity, lnEP it is the initial level of energy productivity and ε it is the error term. A statistically significant and negative sign of the estimated β-coefficient implies the existence of beta-convergence hypothesis (Baumol, 1986) .
We further need to identify whether the existence of conditional convergence in energy productivity for Asian countries by adding the control variables in equation (2) to control for factors determining with steady state. Thus, the conditional beta-convergence model can be written here as follows: (3) where x it is the control variables and other remaining terms are the identical as described in equation (2). In this study, we use three control variables: energy price, investment and trade openness (Note 5). We assume that: (1) energy price has a positive effect on energy productivity growth, which gives an incentive for improvement of energy efficiency in Asia, (2) higher investment will increase energy productivity growth, and (3) trade openness has a positive impact on energy productivity growth that would contribute to enhance energy productivity growth through the technology transfer in Asia.
Convergence Model with Spatial Econometric Perspective
Now we move to the spatial econometric models that apply the convergence models in equations (2) and (3) for the analysis of energy productivity convergence in Asian countries over the period 1993-2010. The spatial econometric models can be applied in various ways, here we used the most widely models, namely, the spatial lag panel data model and the spatial error panel data model (Note 6). The description of the spatial lag panel data and spatial error panel data models can be found in detail (Elhorst, 2003; Anselin et al., 2008 ) and herein we briefly introduce these two models used in this analysis. First, we specify the spatial lag panel data model in equations (4) and (5), respectively, as follows:
where ρ is a spatial autoregressive coefficient, u i and η t represent the individual effect and the time effect (that are controlled by the traditional panel data method), respectively, and w ij is the spatial weight matrix elements of countries i and j (Note 7).
Second, we specify the spatial error panel data model in equations (6) and (7), respectively, as follows:
where λ is a spatial error coefficient and other remaining notations are defined already in equations (4) and (5). Overall, th somehow sigma-con Table 2a ). This means that there exists an absolute beta-convergence process of energy productivity for these Asian countries over the study period. The estimated results of spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) are negative signs and statistically insignificant for all sample countries (Table 2a) . Moreover, we find similar results for North East Asia and West Asia (Table 2b) . We find mixed evidence of energy productivity convergence in the South East Asia and North Asia regions over the study period (Table 2b ). In contrast, we find no evidence of energy productivity convergence in the South Asia region for the study period (Table 2b ). The estimated results of spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) are negative signs, but statistically significant (Columns (2), (3), (5), (6) in Table 2b ).
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Overall, we find evidence of an absolute beta-convergence which suggests that countries having comparatively low initial energy productivity levels catching up to high income countries. Thus, we conclude that an absolute beta-convergence process in favor of energy productivity growth in the whole set of sample countries as well as two sub-samples: North East Asia and West Asia. Note. The t-values are in parentheses. *, ** and *** indicate statistical significance at the 10%, 5% and 1% levels of significance. Table 2b . Estimation results of the absolute beta-convergence for five geographical regions Note. The t-values are in parentheses. *, ** and *** indicate statistical significance at the 10%, 5% and 1% levels of significance.
Now we move to the conditional beta-convergence model. In this study, we expect energy price, investment and trade openness are positively related with energy productivity growth. Tables 3a-b show the estimated results of conditional beta-convergence using the SAR panel data and SEM panel data models for the full sample countries and for sub-groups, namely, South East Asia, South Asia, North East Asia, North Asia and West Asia.
We start the estimated results for the full sample countries that are reported in Table 3a . The estimated results show that the β-coefficient is still negative and statistically significant in both SAR and SEM panel data models (Columns (1)-(6)) and other coefficients of the control variables have the anticipated signs except investment variable. The estimated coefficient on the trade openness variable is positively related with energy productivity growth and statistically significant (Columns (1)-(6) in Table 3a ). This means that trade openness has a positive impact on energy productivity growth over the study period. Similarly, the estimated coefficient on the energy price variable is positively related with energy productivity growth and statistically significant as given in Columns (1) to (6) in Table 3a . In contrast, the estimated coefficient on the investment variable is negatively related with energy productivity growth, but statistically significant at the 1 % level (Columns (1)-(6) in Table  3a ). The results of spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) have negative signs and statistically insignificant (Columns (1), (2), (3) and (6) in Table 3a ). The estimated results of spatial error coefficient (λ) has positive sign, but insignificant effect on the adjoining economies (Columns (4) and (5) in Table 3a ).
Moreover, we obtained quite dissimilar results when considering five different sub-groups, namely, South East Asia, South Asia, North East Asia, North Asia and West Asia. We consider 7 countries from the South East Asia region and the estimated β-coefficient in these 7 countries is negative and statistically significant in both SAR and SEM panel data models (Columns (1)-(6) in Table 3b ). It seems that there exists a conditional beta-convergence process in energy productivity growth for the South East Asia region. We find energy price and trade openness variables have the anticipated signs (Table 3b ). The estimated coefficient on the trade openness variable is statistically significant and positive as indicated in Columns (1) to (6). It means that trade openness has a positive impact on energy productivity growth over the study period. The estimated coefficient on the energy price variable is positively related with energy productivity growth and statistically significant (only Columns (1) and (4)). On the other hand, the estimated coefficient on the investment variable is negatively related with the energy productivity growth and statistically significant as demonstrated in Columns (1), (3) and (4). The spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) have negative signs, but statistically significant as reported in Columns (2), (3), (5) and (6) in Table 3b .
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In the South Asia region, we analyze the 5 countries. We find no evidence of energy productivity convergence process for both SAR and SEM panel data models as shown in Columns (1)- (6) in Table 3b . This indicates that there is an evidence of divergence process of energy productivity in the South Asia region. Concerning the coefficients of the control variables, we find only trade openness variable has the anticipated sign (Table 3b ). The estimated coefficient on the trade openness variable is positively related with energy productivity growth and statistically significant (only Column (4)). We find mixed results on the investment variable (either positive or negative) and the estimated coefficient on the investment variable is positively related with the energy productivity growth (Columns (2), (5) and (6)), but statistically insignificant. Most of the estimated coefficient on the energy price variable is negative, but statistically significant as given in Columns (1)-(6). The results of spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) demonstrate negative signs, but have a significant effect on the neighboring economies as reported in Columns (1)-(6) in Table 3b .
From the North East Asia region, our analysis considers 5 countries. The estimated β-coefficient is still negative and statistically significant in both SAR and SEM panel data models as shown in Columns (1)-(6) in Table 3b . It is observed that there exists a convergence process in energy productivity in the North East Asia region over the study period. Concerning the control variables, we find only trade openness variable has the expected sign (Table 3b) . We find mixed results on the energy price variable (either positive or negative) and the estimated coefficient on the energy price variable is positive and statistically significant as reported in Columns (2), (3), (5) and (6) in Table 3b . This indicates that the energy price variable has a positive effect on energy productivity growth. Whereas in Columns (1) and (4), the estimated coefficient on the energy price variable is negative and statistically insignificant. The estimated coefficient on the trade openness variable is positively related with energy productivity growth and statistically significant as given in Columns (2), (3), (5) and (6) in Table 3b . On the other hand, most of the estimated coefficient on the investment variable is negative, but statistically significant as shown in Columns (2), (3), (5) and (6) in Table 3b . The spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) exhibit negative signs, whereas significant effect on the adjoining economies (Table  3b ).
In the North Asia region, we examine the 5 countries. We find the estimated β-coefficient is negative and statistically significant in both SAR and SEM panel data models (Columns (1) and (4) in Table 3b ). This indicates that there is an evidence of energy productivity convergence process in the North Asia region. While in Columns (2), (3), (5) and (6) in Table 3b represent the divergence of energy productivity in the North Asia region over the study period. We find anticipated signs when considering the control variables except investment variable (Table 3b ). The estimated coefficients on the trade openness and energy price variables are positive and highly statistically significant (Columns (1) to (6)). It can be noticed that the trade openness and energy price have a positive impact on energy productivity growth over the study period. Conversely, the estimated coefficient on the investment variable is negatively connected with energy productivity growth and statistically significant in Columns (1)-(6). The results of spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) Vol. 6, No. 7; reveal negative signs, but significant effect on the adjoining economies as shown in columns (2), (3), (5) and (6) in Table 3b .
Finally, we investigate the 13 countries from the West Asia region. The estimated β-coefficient is negative and statistically significant for the SAR and the SEM panel data models (Columns (3) and (6) in Table 3b ). It seems that there exists a conditional beta-convergence process in the West Asia region. Whereas in Columns (1), (2), (4) and (5) show the divergence process of energy productivity in the West Asia region over the study period. We find only trade openness variable is of expected sign (Table 3b ). The estimated coefficient on the trade openness variable is positively related with energy productivity growth and statistically significant (Columns (1) and (4). In contrast, the coefficient on the energy price variable is negative and statistically insignificant (Columns (1)- (6)). Likewise, the estimated coefficient on the investment variable is negatively related with energy productivity growth and highly statistically significant (Columns (1)- (6)). The estimated results of spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) show negative signs (Columns (1)- (6) in Table 3b ). Table 3b . Estimation results of the conditional beta-convergence for five geographical regions Note. The t-values are in parentheses. *, ** and *** indicate statistical significance at the 10%, 5% and 1% levels of significance.
In general, we find strong evidence of the conditional beta-convergence process in energy productivity growth for all sample countries as well as two sub-sample countries: South East Asia and North East Asia. Furthermore, we find mixed evidence of a conditional beta-convergence process in energy productivity growth for two sub-sample countries: North Asia and West Asia. On the other hand, we find no evidence of a conditional beta-convergence process in energy productivity growth in the South Asia region. Our results shows trade openness has a positive impact on energy productivity growth for all sample countries and five sub-sample countries over the study period. It is noted that trade openness has become a major determinant factor in the process of convergence of energy productivity in 35 Asian countries. Therefore, trade openness has become an important contributor to exchange the technology in these countries. Our analysis finds that energy price variable has a very limited support for the energy productivity growth for 35 Asian countries and sub-sample countries. Likewise, our analysis shows investment variable plays an insignificant role in explaining energy productivity growth for all sample countries and five sub-sample countries over the study period. Our results overall shows spatial autoregressive coefficient (ρ) and spatial error coefficient (λ) are negative signs, but statistically significant on the adjoining economies.
Based on these results, the SAR and SEM panel data models show somehow similar results in terms of sign, and statistically significant. However, magnitudes of the coefficients are quite different from each other. We observe that both spatial and time period effects results are reliable than spatial fixed effects and time period effects for the SAR and the SEM panel data models (Columns (1)- (6) in Tables 2a-b and 3a-b) . Overall, we find evidence of a beta-convergence process in energy productivity growth for the full sample countries. This result is consistent with the results of Markandya et al. (2006) and Wan et al. (2013) , who found the convergence in energy intensity or productivity from EU countries. In addition, similar results were obtained by Yu (2012) for a panel of 30 provinces of China.
Conclusions and Policy Implications
This study has analyzed the convergence of energy productivity for 35 Asian countries spanning the period from 1993 to 2010. The present study not only investigates the entire set of Asian countries but also investigates five different geographical regions, namely, South East Asia, South Asia, North East Asia, North Asia and West Asia. We first used the sigma-convergence approach to investigate the disparity of energy productivity over time. We then used the beta-convergence model to estimate whether there exists an evidence of convergence in energy productivity applying the spatial panel data models. The sigma-convergence demonstrates a weak evidence of convergence process in energy productivity for all sample countries and mixed evidence for sub-sample countries. We find an absolute beta-convergence process in favor of energy productivity for all sample countries as well as North East Asia and West Asia during the study period. This implies a gap of energy productivity is decreasing in these Asian countries. Moreover, our estimated results reveal that there exists a conditional beta-convergence process in energy productivity for 35 Asian countries as well as South East Asia and North East Asia. We find mixed evidence (either convergence or divergence) of conditional beta-convergence in energy productivity for the North Asia and West Asia regions. In the South Asia region, we find no evidence of convergence process in energy productivity over the study period. Our analysis finds trade openness variable plays a significant role in energy productivity growth in Asia. It is pointed out that energy price variable has a limited support for energy productivity growth and investment variable does not support energy productivity growth in our study. It is also found that cross-countries spatial spillover effect is an insignificant in energy productivity growth.
From a policy perspective, it is not possible all Asian countries to follow the same energy policy because there is a vast difference in terms of economic activity and energy productivity. Therefore, these countries should focus on promoting international trade, exchanging information and technology transfer in order to reduce the differences in energy productivity. Furthermore, our results suggest that convergence process might imply a diffusion of energy related technological progress and divergence might imply promote energy saving policy in Asia.
Future research can be expanded the analysis at the sectoral level of energy productivity convergence within a specific country and across countries. Moreover, it is needed to investigate other control variables such as human capital, R&D and foreign direct investment that have a significant inflation on the improvement of energy productivity growth in the future.
